[Abstract] The spatio-temporal expression pattern of a gene provides important indications to better understand its biological function. In situ hybridization (ISH) uses a labeled complementary single-stranded RNA or DNA probe to localize gene transcripts in a whole organism, a whole organ or a section of tissue. We adapted the ISH technique to the plant parasite Meloidogyne spp. (root-knot nematode) to visualize RNAs both in free-living preparasitic juveniles and in parasitic stages settled in the plant tissues. We describe each step of the probe synthesis, digoxigenin (DIG) labeling, nematode extraction from plant tissue, and ISH procedure.
11. Forward and reverse primers designed to allow an amplicon size around 200 bp (e.g., SePOP
Desalted oligos from Eurogentec) 2. Purify the PCR1 fragment with QIAquick PCR Purification Kit if a single band is obtained or purify the band from the gel with QIAquick gel extraction kit, elute with 10 µl elution buffer and quantify on gel or using NanoDrop.
PCR-grade dNTPs (Thermo Fisher
3. Perform the DIG labeling step through a second PCR by using DIG labeled dUTPs using 50-100 ng of PCR1, 2 µM forward or reverse primer for sense or anti-sense probe, respectively, DIG-dUTP/dNTP mix (DIG DNA labeling kit). 4. After digestion, pour the liquid through a 2.5 mm sieve and collect the filtrate.
5. Pour the liquid through a 250 µm sieve and collect the filtrate.
6. Pour the liquid through a 40 µm sieve.
7. Collect the parasitic RKNs on the 40 µm sieve with a minimum volume of tap water (~8 ml).
8. Purify the nematodes by sucrose gradient centrifugation: add slowly 4 ml of the collected nematode on the top of cold 50% sucrose/M9 mix (2 tubes) (Figure 1 ).
9. Centrifuge at 720 x g, at 4 °C for 5 min, without a break.
10. Collect the layer of nematodes with a P1000 and wash them carefully adding 40 ml M9 buffer in a 50 ml glass beaker (Figure 1 ).
Figure 1. Extraction of parasitic stages by sucrose gradient
11. To remove sucrose, wash them twice with 50 ml M9, on the 10 µm sieve, in a 50 ml glass beaker and finally transfer to a 50-ml Corning tube.
12. Collected nematodes are at the parasitic juvenile's stage 2 (J2), 3 (J3) or 4 (J4), or adult females.
Freshly hatched RKN preparasitic J2 are obtained from eggs as described in Caillaud and Favery (2016 3. Centrifuge the 50 ml tube containing nematodes soaked in fixative buffer at 1,620 x g, slow deceleration.
4. Withdraw fixative buffer but keep 500 µl and transfer to 1.5 ml Eppendorf tubes.
5. Under the fume hood, wearing gloves, spread the nematodes on the glass plate, and cut the nematodes into two to three pieces using the cutting system (vibrating aquarium pump + autoclaved razor blades) described in Figure 2 and Video 1. Hold it with both hands. Check under the microscope the efficiency of the cutting. Do not cut too much, in particular the parasitic stages. 6. Add few drops of 1x RNase-free PBS buffer to collect the nematode sections on the glass plate and transfer into an Eppendorf tube.
7. Spin down the sample (15,000 x g, 1 min, slow deceleration). Remove the buffer.
8. Suspend in 1 ml of 1x RNase-free PBS, and then centrifuge the tube at 15,000 x g for 1 min
with slow deceleration. Repeat Steps C7 and C8 three times.
9. For nematode permeabilization, add 1 ml of cold 1 mg/ml Proteinase K solution to the nematodes. Keep Proteinase K in a cold block and do not vortex. 7. For nematode permeabilization, do not vortex the Proteinase K and keep it in a cold block.
8. The temperature of hybridization can be adjusted to obtain the best balance between the specificity and quantity of the signal.
9. Digoxigenin (DIG)-labeled RNA probes can be used instead of cDNA probes as in Rosso et al.
(1999).
10. Use nuclease-free, not DEPC-treated, water.
11. For revelation, horseradish peroxidase (HRP) can be used in replacement of alkaline phosphatase (AP). We chose AP because the signal from AP substrates gradually increases over time, is very stable and can last several days. 
